Introduction
One of the earliest references to a successful surgical attempt for the treatment of goitre can be found in the medical writings of the Moorish physician Ali Ibn Abbas. In 952 A.D., he recorded his experience with the removal of a large goitre under opium sedation using simple ligatures and hot cautery irons as the patient sat with a bag around his neck to catch the blood. The first accounts of thyroid surgery for the treatment of goiters were given by Roger Frugardi in 1170. In response to failure of medical treatment, two setons were inserted at right angles into the goiter and tightened twice daily until the goiter separated. The open wound was treated with caustic powder and left to heal. The first successful typical partial thyroidectomy was performed by the French Surgeon, Pierre Joseph Desault, in 1791 during the French Revolution. Dupuytren followed in 1808 with the first total thyroidectomy, but the patient died 36 hours after the operation.
Despite these limited descriptions of early successes, the surgical approach to goitre remained shrouded in misunderstanding and superstition. Thyroid surgery in the 19th century carried a mortality of around 40% even in the most skilled surgical hands, mainly due to haemorrhage and infection. The French Academy of Medicine actually banned thyroid surgery in 1850 and German authorities called for restrictions on such 'foolhardy performances'. Leading surgeons avoided thyroid surgery if at all possible, and would only intervene in cases of respiratory obstruction. Samuel Gross wrote in 1848: "Can the thyroid gland when in the state of enlargement be removed…? If a surgeon should be so foolhardy as to undertake it. .every step he takes will be environed with difficulty, every stroke of his knife will be followed by a torrent of blood and lucky it would be for him if his victim lives long enough to enable him to finish his horrid butchery. No honest and sensible surgeon would ever engage in it." 190 haemorrhage during surgery. The first thyroidectomy under ether anaesthesia took place in St Petersburg in 1849; the second half of the 19th century saw the introduction of Lister's antiseptic techniques through Europe, and the development of haemostatic forceps by such figures as Spencer Wells in London led to much better haemostasis than could be achieved by crude ligatures and cautery.
The most notable thyroid surgeons were Emil Theodor Kocher (1841 Kocher ( -1917 and C. A. Theodor Billroth (1829 -1894 , who performed thousands of operations with increasingly successful results. However, as more patients survived thyroid operations, new problems and issues became apparent. After total thyroidectomy, patients became myxedematous with cretinous features. Myxedema effectively treated in 1891 by George Murray and Edward Fox. In 1909, Kocher was awarded the Nobel Prize for medicine in recognition "for his works on the physiology, pathology, and surgery of the thyroid gland."
The thyroid gland is removed traditionally through a small curvilinear incision approximately 3 cm above the sternal notch. While these original incisions allow for optimal exposure and successful removal of the diseased organ, they tend to subject the patients to lengthy hospital stays,significant postoperative pain, and in some cases, cosmetically undesirable results.
By the end of the twentieth century, laparoscopy was already accepted worldwide for a large number of operations in general surgery. By minimizing the size of the skin incisions while still permitting superior visualization of the operative field, laparoscopy was proven for certain operations to lessen postoperative pain, improve cosmesis, and shorten postoperative hospital stays.
As minimally invasive surgery became more popular,surgeons realized some true limitations. Sensory information is limited due to lack of tactile feedback and restriction to a two-dimensional (2D) image. In addition, compared to the human hand in an open case,laparoscopic instruments have restricted degrees of freedom mainly due to the lack of a wrist-like joint in the instrument tip and the lack of maneuverability due to a fixed axis point at the trocar ( Hansen et al., 1997) .
The advent of robot-assisted laparoscopic surgery seems to deal with many of the recognized limitations of hand-held laparoscopic surgery. In general, robots reduce the natural tremor of the human hand, reestablish comfortable ergonomics, reducing stress and surgeon fatigue, and,in certain cases, reestablish the three-dimensional (3D) view of the surgical field. In addition, surgical robots have the potential to be more precise and permit greater accuracy when it comes to suturing tasks and careful perivascular dissections. (Jacob et al., 2005) 
Surgical instrumants for improved hemostasis
Thyroid surgery involves meticulous devascularization of the thyroid gland, which has one of the richest blood supplies of all organs, with numerous blood vessels and plexuses enteringits parenchyma. Therefore, hemostasis is of paramount importance when dividing the various vessels before excising the gland (Çakabay et al., 2009 ).
Although nearly a century has passed since Halstead and Kocher first described thyroidectomy, it has changed little until recently, and is a procedure that is performed www.intechopen.com New Technologies in Thyroid Sugery 191 extensively. Two of the most commonly used techniques for hemostasis are suture ligation and electrocoagulation. The disadvantage of suture ligation and electrocoagulation techniques is the prolonged operating time. Recently, a number of innovative methods of hemostasis in thyroid surgery have been tested, with promising results. New techniques developed over the past decade include hemostatic clipping, laser, LigaSure diathermy (ValleyLab, CO, USA) (or the LigaSure vessel sealing system), and ultrasonic instrumentation. Clips work for large vessels and are subject to dislodgment; whereas staples are wasted and costly for multiple single-vessel applications. Lasers are hindered by the risk of injury to many vital structures (such as the recurrent nerves) in the operative field, and bipolar electrocautery does not give the surgeon the freedom of applicability at different angles ( Kennedy et al., 1998) .
There have been significant advances in vessel sealing systems for the occlusion of blood vessels during general and gynecological surgical procedures. Two such devices are now commonly used in thyroid surgery: a bipolar energy sealing system and ultrasonic coagulation ( Rahbari et al., 2011) .Thyroid surgery is the most common endocrine surgical operation. Like all surgical procedures, the basic tenant of good exposure and hemostasis apply to thyroid surgery.
LigaSure
LigaSure (ValleyLab, CO, USA) is a bipolar diathermy system that seals vessels with reduced thermal spread. The device has been used successfully in abdominal surgery and has been introduced as a new method for hemostasis during thyroidectomy. The LigaSure diathermy system enables simultaneous selective sealing and division of a vessel without dispersion of the electric power, and with less heat production. The device is used in abdominal surgery and has proved suitable for use in thyroid surgery (Çakabay et al., 2009 ).
Any new surgical technology or operating technique should yield similar or improved patient outcomes and similar or lower rates of complications, compared with conventional methods. LigaSure, allowing vessel sealing and division with no dispersion of the electric power and with little or no heat production, has been widely used in diverse fields of surgery for its efficiency and safety. However, in thyroid surgery,where a considerable amount of minute vessels must be divided and hence microsurgical techniques required, LigaSure is also preferred for its further efficiency by shortening the duration of the operation.
Various specialties have reported shorter operating times with LigaSure (Lee et al., 2003 ,Levy et al., 2003 ,Jayne et al., 2002 . However, in the literature, the postoperative outcome of thyroidectomy with LigaSure is controversial. Some studies (Petrakis et al., 2004) reported fewer complications and shorter operating times in the LigaSure , while others (Kiriakopoulos et al., 2004) did not observe a reduction in operating time for patients who underwent total or near-total thyroidectomy with LigaSure. According to two studies (Kirdak et al., 2005 ,Shen et al., 2005 ) the operating time was reduced substantially and the reduction in operating time in the LigaSure group was most probably a reflection of changes in operating technique (Shen et al., 2005) .They reported that this change in technique facilitates dissection of the thyroid lobes and helps to reduce operating time and results ina decreased requirement for lateral skin etraction;the reduction in incision length in the
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LigaSure group is probably a result of this decreased need for lateral retraction.The reduced operating time may result in decreased postoperative pain. The cause of postoperative pain is hyperextension of the neck (Defechereux et al., 2003) ; therefore, the pain can be reduced if the operating time is minimized. We found (Çakabay et al., 2009 ) that the use of the LigaSure significantly reduced the operating time for both total and one side total+other side subtotal thyroidectomy. The reduction in operating time was greatest in the total+subtotal thyroidectomy group. This is probably the result of faster but equally safe dissection of the thyroid gland compared with the conventional clampand-tie technique. In our experience, thyroid surgery using LigaSure does not require a significant learning period.
The major complications of thyroidectomy are laryngeal nerve injury and hypocalcemia. The reported permanent RLN palsy rate is 0%-14%. The use of LigaSure did not increase the RLN palsy risk(Çakabay2 et al., 009). Iatrogenic injury to the parathyroid glands resulting in hypocalcemia can occur from direct damage through inappropriate manipulation of surgery.
The cost of the LigaSure device is an important issue. According to some studies (Kirdak et al., 2005 ) the use of LigaSure is more expensive than the other conventional techniques. They reported that a cost-benefit analysis of this instrument may be helpful when choosing one of these techniques over the other. However, as the LigaSure device is produced to be disposable, the costeffectivenessof LigaSure can be increased by using one device for several patients. The reuse of LigaSure hand pieces decreases its cost of purchase (Dilek et al., 2005) . İn our exprience,we found that the additional cost of using LigaSure was $95 per operation, and our observations indicate that the same device will provide safe hemostasis for no more than 10 patients .
Harmonic scalpel
New techniques, such as hemostatic clipping, monopolar/bipolar diathermy, and laser and ultrasonic instrumentation, have been developed over the past decade. Of these, the harmonic scalpel is the most frequently used. The harmonic scalpel uses high-frequency mechanical energy to cut and coagulate tissues at the same time ,and it is widely used in otorhinolaryngological, cardiac, gastrointestinal, vascular, hemorrhoid, laparoscopic, obstetric, and gynecological surgery. The main advantages of ultrasonic coagulating /dissecting systems compared with a standard electrosurgical device are represented by minimal lateral thermal tissue damage (the harmonic scalpel causes lateral thermal injury 1-3 mm wide, approximately half that caused by bipolar systems),less smoke formation, no neuromuscular stimulation, and no electrical energy to or through the patient (Roye et al., 2000) . Since its introduction, the harmonic scalpel has also gained popularity in thyroid and neck surgery. The proposed advantages of the harmonic scalpel include less lateral thermal tissue damage with no electrical energy transferred to the patient, as in electrocautery. In addition, the harmonic scalpel has some advantages over conventional techniques, particularly in terms of operative time, intraoperative bleeding, and hospitalization time.
The harmonic scalpel is a new surgical device for thyroid surgery and, to the best of our knowledge, studies in the English-language literature have been undertaken to compare harmonic scalpel versus conventional techniques. The characteristics of these studies summarized in Table1. The majority of these studies compared operative time, hospitalization time, drain use, incision size, postoperative pain, cosmetic results, cost analysis, and RLNP and other postoperative complications. The main advantage of using the harmonic scalpel in thyroid surgery is the reduction in operative time. Studies showed that the use of a harmonic scalpel significantly decreased the operative time (Yildirim et al., 2008 , Voutilainen et al., 2000 .
Some studies shown that no difference (Siperstein et al., 2002) was observed between the two techniques (harmonic scalpel and conventional techniques ) regarding the amount of blood loss,others (Miccoli et al., 2006 ,Kilic et al., 2007 , Yildirim et al., 2008 have shown that drainage volume is significantly lower in patients treatment with a harmonic scalpel compared to those treated with conventional techniques.
Despite the safety demonstrated by harmonic scalpel in several studies, specific training and experience in the use of the device are necessary because the active blade in inexperienced hands can easily injure surrounding vital structures. Approximately 10 h of experience are required (Voutilainen et al., 2000) .The majority of transient and permanent complications occurred in the period of early training. Hypocalcemia and nerve palsy rates will decrease in time as our experience with the harmonic scalpel technique increases. 
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Endoscopic techniques
Neck surgey is one of the newest and most interesting applications of minimally invasive surgery.Several approaches have ben proposed in the application of endoscopic thyroidectomy. The primary aim of all these different approaches has been to improve the cosmetic results of conventional surgery. Endoscopic thyroidectomy has been divided into two types, videoassisted and total endoscopic. Others classified it as with CO2 insufflation or gasless.
Minimally invasive video-assisted thyroidectomy (MIVAT) is characterized by a single access of 1.5 cm in the middle area of the neck, approximately 1-2 cm above the sternal notch; the midline is incised, and a blunt dissection is carried out with tiny spatulas to separate the strap muscles from the underlying thyroid lobe. From this point on the procedure is performed endoscopically on a gasless basis with an external retraction. An laparoscope of 5 mm, 30 degrees, is used. After the insertion of laparoscope through the skin incision, the lobe was completely dissected from the strap muscles with 2-mm-diameter laparoscopic instruments and other instruments regularly used. The optical magnification allows an excellent vision of both the external branch of the superior laryngeal nerve and the recurrent nerve, which are prepared together with the upper parathyroid gland. The vessels are ligated between clips or with the harmonic scalpel until the lobe, completely freed, can be extracted by gently pulling it out through the skin incision.The isthmus is then dissected from the trachea and divided. After checking the recurrent laryngeal nerve once again, the lobe is finally removed (Miccoli et al., 2001) . In this technique, no subplatysmal flaps are raised and no muscules are divided, resulting in reduced tissue edema when compared with conventional surgery.I nitial experiences published on MIVAT underlined the advantages of the procedure in terms of a better cosmetic result and less postoperative pain when compared with conventional surgery.
Endoscopic lateral cervical approach used for hemithyroidectomy, two 2-5 mm trocars an done 10-mm trocar are inserted along the anterior border of the sternocleidomastoid muscle on the ipsilateral side and using endoscopic instruments specially designed fort his procedure. An additional advantage of this technique over endoscopically assisted midline technique was that no additional assistants were requred to hold retractors (Palazzo et al., 2006) .
Total endoscopic thyroidectomy is a more sophisticated variation of minimally invasive thyroid. Using special instrument and technique, part or all of the thyroid gland can be removed through small puncture site, avoiding any incision on the neck whatsoever . Various approaches have been devised and improved further to fulfill this goal, mainly including the cervical approach, anterior chest approach, axillary and breast approach. However, none of these approaches is exclusively advantageous and universally accepted. (Irawati, 2010) . The cervical approach and anterior chest approach are minimally invasive, but not cosmetically excellent. The axillary and breast approaches have maximized cosmesis, but meanwhile cause much invasiveness. Furthermore, the axillary approaches is not suitable for bilateral manipulation and even more technically challenging with abnormal anatomic vision. Therefore, an axillary-bilateral-breast approach (ABBA) has been developed, which is actually a combination of the procedure. Bilateral-axillary-breast approach (BABA) was introduced later and was claimed be easily applied for thyroid cancer as well. Whereas applicability of the endoscopic-assisted approach is limited by the size of the gland, the investigators noted that this constraint does not exist for BABA, as even large glands are easily retrieved through the axillary port (Becker et al., 2008) . This technique now is even improved by using Da Vinci robotic system (Eun Lee et al., 2009 ). The endowrist function of the instrument is beneficial in doing complex tasks in difficult areas with limited access.
Disadvatages of endoscopic thyroidectomy include the requirement for additional equipment, namely high-resolution endoscopes and monitors for video-assisted techniques and insufflation units for purely endoscopic approaches. In addition,there is a distinct learning curve, which is more pronounced with purely endoscopic approaches.While videoassisted techniques clearly result in limited surgical dissection, purely endoscopic approaches, by virtue of their remote approaches, result in an equivalent amount of dissection. Because of this, most description include the routine use of drains, which may increase the lenght of hospitalization (Becker 2008) .The increased chest-wall dissection can result in hypoesthesia in this area, and cases of pneumothorax have been described (Choe et al., 2007) .Operative time for endoscopic approaches may be up to %30 longer than they are for traditional approaches (Terris et al.,2007) .
Robotic surgery
Robots have been in the operating room for approximately 15 years now, but their use in assisting laparoscopic endocrine surgery is very new. With the refinement of the technology, easier set up, better image quality, and smaller robotic systems, there has been an interest in using the robot for more general surgical laparoscopic procedures as well as for thyroid surgery. Thyroid surgery procedures are excellent targets for robotic instrumentation when compared with the conventional endoscopic techniques, since it requires to work in a small space, significantly limiting the type of equipment that can be used. In spite of its deficiencies and unanswered questions especially about cost efectiveness, robotic technology seems to overcome the limitations of conventional laparoscopic technology in thyroid surgery.
The Da Vinci Surgical System consists of a ''surgeon console'' and a ''surgical arm cart.''. The surgical arm cart holds the robotic instruments and the endoscopic camera. The endoscope for the Da Vinci system is a specially designed 12 mm dual-camera endoscope that is capable of sending a 3D image to a specialized viewing screen in the console called the InSite Vision System. By looking into this 3D-image system, which eliminates all extraperipheral images other than those on the screen, the surgeon immerses himself in the operative field. The camera and instruments are both controlled by maneuvering the joysticks on the console. To alternate the digital handle's control back and forth between control of the camera and control of the instruments, the surgeon taps a foot pedal at the base of the console. At the current time there are 18 different robotic instruments in the Da Vinci system, which are appropriately called ''endowrist instruments.''
Once immersed in the Da Vinci's virtual field, the surgeon inserts his fingers into the handles, sits in an ergonomically correct position, and then maneuvers the endowrist instruments with up to 7 degrees freedom: yaw (side-to-side), pitch (up/down), insertion (in andout), grip, and three additional degrees of freedom provided by the second joint in the instrument tip. In effect, maneuvering the Da Vinci instruments is like miniaturizing your hands and wrists and placing them into cavities they normally could never fit into, thus permitting the performance of delicate, precise dissection and suturing in the smallest cavity-all through small skin incisions (Jacob BP& Gagner M,2004) .
Once the system was on the market, Intuitive continued perfecting it, and the second generation-the da Vinci S-was released in 2006 ( Figure 1 ). The latest version, the da Vinci Si became available in April 2009 with improved full HD camera system, advanced ergonomic features, and most importantly, the possibility to use two consoles for assisted surgery. 
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The Zeus Robotic Surgical System also has two components: the surgeon console and the robotic instrument arms connected by a computer interface that can filter tremor and adjust the movement and rotational scale of the instruments. Unlike the Da Vinci system, the Zeus robotic arms are not on a cart, but instead can be attached directly to the operating room table.
A second difference between the Zeus and the Da Vinci is that the Zeus uses a oiceactivated camera control system called the AESOP Robotic Endoscope Positioner. Instead of requiring a special 12 mm endoscope as with the Da Vinci, the Zeus allows the use of routine 5 or 10 mm endoscopes with the AESOP arm. With this system the surgeon can continuously maneuver the camera's position with simple voice commands like ''camera in, camera out.'' The third difference between the two robotic surgery systems is that currently the Zeus system uses robotic laparoscopic instruments that mimic the hand-held laparoscopic instruments, thus lacking the additional degrees of freedom that you would get with an ''endorist'' instrument tip designed to mimic the human hand. Like standard laparoscopic instruments, these current Zeus instruments have only 5 degrees of freedom.
As the robotic technology is advancing rapidly, the Zeus is already in its third phase of design and is now available with instruments called ''Microwrist technology.'' These new instruments, like the Da Vinci, have tips that offer a second joint mimicking the movements of the human wrist. Because this technology has just become available, there are no studies or published results demonstrating their efficiency, but the ability to perform wrist-like articulations inside the abdomen through small skin incisions is obviously promising. (Fig. 2) . Each robotic system has been used for a large number of different surgical procedures. The Da Vinci surgical robot system provides a three dimensional field of view and a more accurate sense of perspective (Ballantyne et al., 2007 , Hartmann et al., 2008 ,Jacobsen et al., 2004 .Moreover, because this system can magnify target structures, it more easily enables 199 the preservation of the parathyroid and recurrent laryngeal nerves. The robot arm can be driven in multi-angular motions with seven degrees freedom. This enables safe and complete central compartment node dissection in the deep and narrow operation space (Jacob et al., 2003) . The hand-tremor filtration, the fine motion scaling, the negative motion reversal of the robot system (providing minute and precise manipulations of tissue), and the ergonomically designed console means that surgeons experience less fatigue (Gutt et al., 2004 , Savitt et al., 2005 , Link et al., 2006 .
Despite these various advantages of the Da Vinci surgical robot system, it may prove cost inhibitive when factors such as general cost, fees of disposables, and maintenance are taken into consideration. Additionally, the large room space it requires may be another factor thatlimits its widespread use in thyroid surgery (Link et al., 2006) .
The early surgical outcomes of robot-assisted endoscopic thyroidectomies were compared with the data for conventional open thyroidectomies. As described earlier, this transaxillary approach is a more time-consuming procedure than conventional open thyroidectomy. However,with accumulation of experience, the actual operation time is decreasing. The patients in the robotic group were highly selected for several reasons such as the expected risk group and the expensive operation fee, and the difference in operation method was expected. However, there was little difference in the retrieved lymph node numbers, postoperative hospital stays, and pain between the two groups. Moreover, the postoperative complications in the robotic group were somewhat fewer than in the conventional open thyroidectomy group.
Although robot-assisted endoscopic thyroid surgery showed cosmetic and various technical advantages for surgeons, the major concerns when a new treatment technique for malignant tumors is considered should be the safety and radicalness of the operation to prevent local recurrence and distant metastasis. The relative oncologic safety of endoscopic versus robotassisted endoscopic thyroid surgery has not yet been established due to the newness of this technology. To prevent cancer cell dissemination and to minimize the possibility of local recurrence during endoscopic thyroidectomy, the safety of the operational methods and the degree of surgical skill are important. If the safety and radicalness of robotic thyroid surgery as a treatment for papillary thyroid microcarcinoma can be established by the performance of complete thyroidectomies with secure lymphadenectomies, then the application boundaries and development area of this technique can be gradually extended (Kang et al., 2009 ).
